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Description 

The invention relates to a security device and meth- 
ods of making such security devices. 

Many different proposals have been made in the 
past for designing security devices for affixing to security 
documents such as banknotes, credit cards and the like 
to assist in authenticating such security documents dur- 
ing their use. Typical examples, include holograms and 
other optical variable devices. 

One particular type of security device which has 
been used for many years is the security thread. Re- 
cently, in US-A-4892336, a development of the security 
thread device was described. In this case, the security 
thread was provided as a transparent substrate, one 
side of which carried a set of lenses and the other side 
of which carried microprinting which could be viewed 
through the lenses. Typically, the microprinting compris- 
es strips of different colours such that when the thread 
is viewed at different angles, different colours will be per- 
ceived. One of the problems with this approach is the 
need for a very precise register between the microlens- 
es and printing. In fact, in US-A-4892336 this need for 
precise register is put forward as one of the advantages 
of that invention in that it makes it very much more dif- 
ficult to counterfeit such security devices. On the other 
hand, for a security device to be useful commercially, 
gen uine devices must be relatively easy to manufacture 
since otherwise production costs will be prohibitive. 

US-A-4765656 also describes a security device 
made using a lenticular screen and in this case the mi- 
croimages are formed by direct laser writing through the 
microlenses which are already in situ in the device. 
Again, this approach is not suited to mass production 
techniques although it does achieve exact register be- 
tween the lenses and images. 

US-A-4892336 describes a security thread which 
has a printed pattern on one side and a lenticular struc- 
ture coordinated with the printed pattern of the other 
side. The thread changes its appearance when the 
viewing angle changes. 

In accordance with one aspect of the present inven- 
tion, a security device comprises a regular two dimen- 
sional array of substantially identical printed microimag- 
es, each having a dimension up to about 250 urn and 
which, when viewed through a physically separate reg- 
ular two dimensional array of substantially identical 
spherical microlenses having substantially the same 
pitch as the microimage array, each microlens having a 
diameter in the range substantially 50-250 u.m, generate 
one or a number of magnified versions of the microim- 
age depending on the extent to which the array of mi- 
croimages and the array of microlenses are in register. 

We have realised that a new security device can be 
constructed which is suited to mass production tech- 
niques by utilising the effects of a regular two dimen- 
sional array of substantially identical spherical micro- 
lenses. 



Generally, each microlens will have identical optical 
properties. The viewing condition also assumes that the 
microimage objects are situated near the focal plane of 
the microlenses. In a first "ideal" example of this system, 
5 the pitches of the images and lenses are identical and 
the two are accurately aligned and the microimages are 
near the focal planes of the microlenses. When this sys- 
tem is viewed from a given direction each lens images 
the corresponding point on the image underneath it to 
10 form a very highly magnified image of the underlying mi- 
croimage element. If there is a difference in pitch be- 
tween the two arrays a set of moire fringes will appear 
where the repeat element is the object in the array when 
across the moire fringe successive elements image suc- 
15 cessive portions of the object to build up an image which 
will repeat every time the mismatch equals an integer 
number of lenses. A pitch mismatch between a micro- 
lens array and microimage array can also conveniently 
be generated by angularly misaligning the arrays which 
20 will also generate a moire repeating image of the object. 
It should be appreciated that most of the practical em- 
bodiments of this invention will use the misaligned con- 
dition of the arrays to form images as this arrangement 
has particularly advantageous properties. 
25 The term spherical lenses means that the surface 
form of each microlens approximates to a portion of the 
surface of a sphere such that the lens has imaging pow- 
er along two perpendicular axes around its optic axis 
(which will be normal to the plane of the array). In this 
30 case, the lens surface will be curved in both axes per- 
pendicular to the optic axis with both axes having the 
same curvature. In this case, the lens will form an ap- 
proximate point image at its focal plane when illuminat- 
ed with collimated light (neglecting aberrations and 
35 small deviations from ideal behaviour due to small de- 
viations of the shape of the lens from the ideal spherical 
shape). Effectively spherical lenses are the normal form 
of simple lens which will form a normal image of an ob- 
ject near the focal plane This is in contrast to cylindrical 
40 lenses which only have optical power in one axis and 
would therefore form a line image when illuminated with 
collimated light with the light being brought to a focus in 
one axis but not in the other and in this case the surface 
profile of the lens would be a portion of the surface of a 
45 cylinder with a radius of curvature in one direction and 
flat (linear) in a perpendicular direction. By the term as- 
tigmatic lens we mean a lens surface profile that is very 
similar to that of a spherical lens but where the radius 
of curvature along the two perpendicular optical axes is 
so different such that the lens forms a distorted image of 
an object by bringing different perpendicular compo- 
nents of light to focus at different distances. An astig- 
matic lens illuminated by collimated light would focus the 
light at different distances in both axes. 
55 Each array would normally consist of many lenses 
and microimage elements, repeating many times in 
each direction with a regular pitch. Typically such arrays 
consist of many (eg 1 00 or more) regularly spaced iden- 
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tical lenses, each typically 50-250u.m in diameter and 
with a focal length of typically 200um A typical manu- 
facturing process would be to coat a substrate with pho- 
toresist, expose this to a mask (say a grid or hexagonal 
pattern) and then develop off the desired areas to leave 
isolated, regular islands of resist. These are then melted 
and surface tension in the liquid state causes the forma- 
tion of an array of spherical islands of resist. From this 
a microscopic array of spherical structures can be man- 
ufactured by known replication processes. 

In particular, in contrast to the prior art approaches, 
many examples of the security device will not include 
the microlens array. This makes it much easier and 
cheaper to manufacture than the known devices which 
incorporate microlens arrays. Also, in contrast to the pri- 
or art, we have realised that by using spherical lenses, 
the need for exact register between the lens array and 
the microimage array is relaxed which makes systems 
of combined lens arrays and microimages much easier 
to manufacture and particularly allows for a manufactur- 
ing method utilising established security printing tech- 
niques. 

Typically the microimages will have feature sizes 
down to say 5 or 10 microns. This together with their 
small size makes the microimages very difficult to repro- 
duce and in particular difficult to see by the naked eye. 
Consequently this security device is covert but easy to 
use. 

In some cases the array of microimages will form a 
single set of substantially identical microimages while in 
others several such sets are provided, the images of 
each set being identical with others in the same set but 
different from other sets. In this latter case, the sets 
could record different views of an object thus providing 
a 3D effect when viewed. 

The interaction between the analysing array of mi- 
crolenses and a corresponding set of identical microim- 
ages is of a characteristic visual form. When the corre- 
sponding arrays are perfectly aligned into register each 
lens has underneath it a microimage in perfect register 
so that an observer sees only one magnified image of 
the microimages. However, as the spherical lens array 
is rotated relative to the image array the single magnified 
image splits into a regular array of images with the 
number of visible images increasing and their individual 
sizes decreasing as the angular mismatch increases. 
Essentially on twisting the lens/image arrays off the lo- 
cation of perfect register, the area and unit length over 
which the lenses and images are in phase to form a vis- 
ible picture decreases so that the device ceases to dis- 
play a single image and starts to display an array of 
much smaller regular images which show the loss of 
perfect register between the lenses and the microimag- 
es. The overlap image areas are essentially determined 
by the moire pattern formed between the lens and image 
arrays and so this device has been termed the "moire 
magnifier". It is this "moire characteristic of the device 
that means much looser register/alignment constraints 



are required to form a viewable image than for instance 
would be the case with previous known systems based 
on cylindrical lens arrays held in perfect register with mi- 
cro printing where the image is destroyed when register 
5 and tilt alignment are lost. It is anticipated that the ma- 
jority of security devices would use this form of array of 
identical or repeated micro images to allow relative po- 
sitional register tolerances during manufacture to be 
kept very loose. 
10 In an alternative approach, three-dimensional ob- 
jects may be recorded with each microimage corre- 
sponding to a slightly different view point of the object 
so that when the microimages are viewed through the 
corresponding matched lens array positioned in exact 
15 register, depth/movement effects will be visible as the 
viewer changes viewpoint. Note that this 3D image will 
be pseudoscopic [depth reversed] but that techniques 
exist for reversing the recorded images, for example us- 
ing retroreflectors, to produce orthoscopic (correct par- 
20 allax) images. 

These depth and movement effects across the im- 
age can be used to provide additional effects. The ulti- 
mate case becomes a complete "integral photograph". 
This would be, for example, recorded through a micro- 
ns lens array using a 3D subject (or several spaced apart 
planar graphical images) to produce an image. Typically 
at these small sizes the image would not be visible to 
the unaided eye. Typically such images would involve 
recording small scale detail, probably down to 5-1 Ou. in 
30 width. 

However, in the case of a complete integral photo- 
graph, perfect alignment is required between the lens 
array and the corresponding images to view the result 
and the image would not be visible without this. There- 
35 fore, although this type of image is possible it is antici- 
pated that this form of device is unlikely to be used for 
printed or mass produced security devices because the 
register tolerances for image formation would be much 
higher than for the case of repeated simpler microimag- 
40 es where moire effects would occur on misalignment al- 
lowing much looser register constraints for image visi- 
bility. 

It will be appreciated that an important aspect of this 
invention is that the microimages are printed, e.g. with 
45 ink. This makes the device particularly suitable for mass 
production. 

In accordance with a second aspect of the present 
invention, a method of preparing a record medium for 
use in producing a security device comprises imaging 
so an object or image onto a record medium through a reg- 
ular two dimensional array of substantially identical 
spherical microlenses, each microlens having a diame- 
ter in the range substantially 50-250 urn, so as to record 
a regular two dimensional array of substantially identical 
55 microimages, each having a dimension of up to about 
250 u.m and substantially the same pitch as the micro- 
lens array. The record medium may itself constitute or 
can form a printing plate or it can be used to replicate 
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the resultant, recorded microimages onto a printing 
plate. 

In one example a microlens array forms a set of mi- 
croimages on a material which is then used to form a 
printing plate. This pattern is then printed onto a docu- 
ment as an array of tiny structures, of a size just above 
that of print resolution e.g. 5 to 1 0u, up to about 1 OOu. but 
which are not individually visually discernible. This array 
could then subsequently be decoded using a microlens 
array similar to that used originally in manufacture. The 
creation of such a precisely spaced set of microimages 
would be very difficult using current techniques such as 
engraving and photo techniques. Yet certain print tech- 
niques themselves such as lithography or intaglio, can 
resolve down to around 5|u to enable such a structure 
to be printed from a printing plate. 

These developments therefore relate to the crea- 
tion of new microimaged security features which may be 
printed. In all cases the microimages will be viewed 
through matched, corresponding microlens arrays and 
in all cases either the viewing itself or more sophisticat- 
ed multiple image or lenticular techniques can produce 
visually distinct movement, depth and image "switching" 
i.e. abrupt change of the perceived image as a result of 
a change of the viewing angle, effects. 

In other examples, an object could be imaged onto 
a substrate carrying photoresist which is then processed 
in a conventional manner to generate a printing plate. 

In most of the examples described so far, the secu- 
rity device does not include a corresponding array of mi- 
crolenses. However, in accordance with a third aspect 
of the present invention, a method of manufacturing a 
security device comprises printing a regular two dimen- 
sional array of substantially identical microimages on a 
record medium, each having a dimension up to about 
250 urn; and securing over the array of microimages, a 
regular two dimensional array of substantially identical 
spherical microlenses having substantially the same 
pitch as the microimage array, each microlens having a 
diameter in the range substantially 50-250 urn, such that 
on viewing, one or a number of magnified versions of 
the microimage, depending on the extent to which the 
array of microimages and the array of microlenses are 
in register, is seen. 

In this case, a security device is provided compris- 
ing combined microimages and microlenses. However, 
this method is particularly suited to mass production 
since the tolerance with which the microlenses need to 
be registered with the microimages is much wider than 
has previously been possible. Typically, the allowable 
tolerance during the securing step between the arrays 
of microimages and microlenses is in the range 
0.25-0. 5mm. 

In this case, the printed microimages and the view- 
ing microlens array are integrated together as a public 
recognition security feature which would produce an ap- 
proximation of the kind of optically variable effects, 
depth perception effects, parallax movement effects and 



rapid holographic image changes associated with white 
light interfering structures such as multiple alternating 
layers of metal, dielectric coatings, or white light diffract- 
ing effects such as are exhibited by surface relief pattern 

5 forming holograms and computer generated diffraction 
patterns such as the Kinegram of Landis and Gyr. 

A particularly important application of the invention 
provides a security device in accordance with a fourth 
aspect of the invention comprising an optically variable 

10 device exhibiting an optically variable image, the opti- 
cally variable device further including a regular two di- 
mensional array of substantially identical microimages 
each having a dimension up to about 250 urn and which, 
when viewed through a regular two dimensional array 

15 of substantially identical spherical microlenses having 
substantially the same pitch as the microimage array, 
each microlens having a diameter in the range substan- 
tially 50-250 urn, generate one or a number of magnified 
versions of the microimage depending on the extent to 

20 which the array of microimages and the array of micro- 
lenses are in register. 

Typically, the optically variable image will comprise 
a hologram or diffraction grating, for example a surface 
relief hologram or a diffraction grating structure such as 

25 a Kinegram ora"pixelgram" as made by CSIRO. In gen- 
eral, the microimages will either be printed onto an op- 
tically variable device layer or provided as a light diffract- 
ing surface relief pattern. 

This aspect of the invention involves combining with 

30 a standard optically variable device such as a security 
embossed hologram, an array of tiny integral images e. 
g. photographs, made and read out using the microlens 
structures and techniques outlined above. 

The gross holographic image thereby provides a 

35 first level of public recognition, and thus security. 

In use, the optically variable device, such as a holo- 
gram, would provide security through being instantly 
publicly recognisable whilst the small scale microscopic 
integral images would not be discernible by eye, but 

40 would act as a covert feature becoming visible when 
overlaid by a microlens array (supplied as an embossed 
plastic film) to reveal the hidden images whether they 
are of text, graphics or code markings. 

This is useful as a security feature because the very 

45 small size attainable in integral photographs and by im- 
aging through microlens arrays is very difficult to obtain 
by printing or photography. It is totally beyond the capa- 
bility of normal reprographic scanning or printing meth- 
ods. It is also very difficult to produce entirely holograph- 
so ically. It is too fine for conventional artwork, and anyone 
succeeding in producing such artwork would be defeat- 
ed in the holography as the precise imaging of such 
structures would be extraordinarily difficult if not impos- 
sible and such fine lines could not be recorded by mask- 

55 ing techniques. 

The only way to obtain such a device would there- 
fore be to obtain and use a microlens array identical to 
that used for manufacture. This is therefore a valuable 
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security device inaccessible to both unauthorised holo- 
graphers and unauthorised printers. 

The hologram and microscopic integral images e.g. 
photographs would be produced together on a first mas- 
ter embossing plate as detailed below and would then 
be mass produced by conventional embossed hologram 
production techniques. 

An analysing "viewer" sheet which consists of an 
array of surface relief microlenses would also be man- 
ufactured by embossing or possibly moulding. These 
viewers could then be distributed to authorised users to 
allow definitive verification of the hologram. 

Preferably in this technique the integral photogra- 
phy stage is performed by imaging down some two di- 
mensional appearance graphics onto a photoresist or 
other recording medium although this first pattern could 
also be produced using semiconductor direct writing 
photomask manufacturing methods. The plate on which 
the integral photograph is recorded would also be used 
to record either prior or subsequently a conventional 
photoresist rainbow hologram or diffraction grating type 
device as known in the art. This would then combine 
both the holographic and integral microimages e.g. pho- 
tographic images into the same surface relief structure. 
The recombination could also be done by mechanical 
stamping from individual masters. Note that although we 
use the term "integral photography" the images record- 
ed are two dimensional and actually much smaller in 
scale than conventional integral photographs because 
of the small scale size of the images produced here due 
to the availability of very small scale lens arrays. 

At the origination stage the preferred production 
technique would consist of two stages in any order: 

A. Record standard hologram into photoresist. 

B. Put microlens array over photoresist at a precise 
spacing and record a holographic image of the im- 
age graphics/logo/3D object. 

The photoresist would then be developed. 

The microimages would be recorded into areas con- 
taining a holographic replay (e.g., diffraction grating, 
rainbow hologram, 2D/3D hologram or a matt speckled, 
diffused patch). This would enable holograms to be 
manufactured containing both standard diffractive struc- 
tures whose surface relief pattern may have a resolution 
of around 1 micron and microscopic integral photo- 
graphs of diameter 10-100u. as distinct areas on the ho- 
lographic surface. It is also possible to produce similar 
structures using imaging or other techniques to record 
the 2D integral photographs as small scale holographic 
structures in their own right. 

The secondary image produced and revealed by 
the microlens array could take several forms made as 
follows: 

1 . A 2D microimage is made by holograph ically re- 
cording a flat, two dimensional graphic image 



through the lens array. On viewing, a repeated set 
of these graphics would be visible: these would 
show movement effects. 

2. A microimage showing rapid image switching ef- 
5 fects as a function of viewing angle, is made by ho- 
lograph ically recording several sets of flat graphical 
artwork through the lens array, at different recording 
angles. On tilting the device a viewer would see 
sharp switches between various graphics as alter- 

10 native images came into view. 

3. A full three dimensional integral "photograph" is 
made where the object being holographically re- 
corded is three dimensional. Different microlenses 
record views from different directions of parallax. 

15 When the decoding microlens array is in perfect 
alignment a viewer would see a three dimensional 
image exhibiting parallax shifts and depth effects on 
tilting. 

20 The analysing microlens could be a lens structure 
embossed into a transparent plastic film as discussed. 
There may also be advantages in using a holographic 
microlens as the analyser. 

This aspect of the invention could be used as a sup- 

25 plementary level of covert security on banknote holo- 
grams or other optically variable devices, or plastic 
cards. 

Security devices in which the microimage arrays 
are printed down onto a document and then the micro- 

30 lens array is formed or fixed on top of the microimage 
array in order to form a permanently bonded public rec- 
ognition security feature are particularly appropriate for 
protecting documents of value for example bonds, 
cheques, banknotes or plastic cards against counterfeit 

35 as the image features are optically variable (e.g. image 
switches, colour shifts) and the devices and image char- 
acteristics cannot be counterfeited or copied using rou- 
tinely available printing technology such as colour cop- 
iers or scanners. 

40 In order to view a security device which does not 
already incorporate a microlens array we provide in ac- 
cordance with a fifth aspect of the present invention a 
method of authenticating a security device comprising 
positioning a regular two dimensional array of substan- 

45 tially identical spherical microlenses having substantial- 
ly the same pitch as the microimage array, each micro- 
lens having a diameter in the range substantially 50-250 
u.m, over the security device, and viewing the security 
device through the array of microlenses so as to gener- 

50 ate one or a number of magnified versions of the micro- 
image depending on the extent to which the array of mi- 
croimages and the array of microlenses are in register. 

The security device would be viewed through the 
corresponding array of microlenses in order to observe 

55 an image. A suitable array of spherical microlenses 
comprises a clear plastic sheet with the lenses incorpo- 
rated by roll or flatbed embossing, injection moulding, 
vacuum forming casting and via curing in a mould as 
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appropriate. In order to verify the security device the ar- 
ray of microlenses would simply be laid on top of the 
printed or holographic device and rotated. As the lens 
array and microimage array come into register an array 
of small identical images would be observed due to the 
moire phenomenon between the arrays. On perfect 
alignment a single enlarged magnified image would be- 
come visible. 

This can be done manually but conveniently, we 
provide in accordance with a sixth aspect of the inven- 
tion a security device reader comprising a regular two 
dimensional array of substantially identical spherical mi- 
crolenses having substantially the same pitch as the mi- 
croimage array, each microlens having a diameter in the 
range substantially 50-250 u,m; and a security document 
holder for locating a security document having a security 
device relative to the array of microlenses such that the 
security device can be viewed through the microlenses 
and so as to generate one or a number of magnified ver- 
sions of the microimage depending on the extent to 
which the array of microimages and the array of micro- 
lenses are in register. Typically, the holder and micro- 
lens array would be relatively rotatable. The changing 
arrays of identical images seen as the two arrays are 
rotated would form a highly characteristic visual security 
feature. 

By using more than one set of microimages, this in- 
vention enables an optically variable image switching ef- 
fect to be achieved using much simpler systems than 
previously. Consider the case where a set of micro lens- 
es is used to record two arrays of images of objects A 
and B. The two objects are angularly separated and so 
record microimages that will only become visible at dif- 
ferent view angles. Now suppose the resultant image 
array is combined with an overlaid lens array to form a 
security device. The image characteristics of this secu- 
rity device will be that on tilting the device the viewer 
would see the observed image flip between the two sets 
of recorded information A or B or multiple images of 
these depending on the moire interaction between the 
images and arrays. In the case of a printed document 
the microimage containing microimages A and B would 
be printed down at one working, so keeping the exact 
relative registration between the two microimages and 
so keeping a defined angular separation and shift. This 
system could of course cover the case of more than two 
images recorded, for example several sets of images 
replaying at different angles used to a progression such 
as several rings to form an expanding circle pattern or 
to incorporate simple image movement or progression 
forming effects similar to those frequently used in mul- 
tiplex holography where in this case the angular selec- 
tivity of the microlens array is being used to encode the 
various viewing directions to produce image "switches" 
rather than a hologram. It is known that such obvious 
image switches produce effective public recognition se- 
curity devices and are significantly more complex to pro- 
duce thus providing significantly increased security. 



This is described in more detail below in connection with 
Figure 2. 

The simultaneous viewing of two or more sets of 
different microimage arrays via a lens array can also be 
5 used to form a device of colour shifting appearance. 
Suppose for example the two different microimage sets 
A and B as above are separately recorded and then 
each printed separately onto a document in visibly dif- 
ferent coloured inks. The security device would then be 
10 formed by overlaying this microimage set with a set of 
matched spherical lenses. In this case a viewer would 
see on tilting the device an image switch and a prede- 
fined colour switch. The angular image switches be- 
tween different devices would vary because using 
15 standard printing techniques the two different coloured 
microlens arrays would not retain the same relative reg- 
ister device to device. However, the colour shift on 
switch between the two images would be well defined 
and constant in all security devices. In this way colour 
20 switching security devices could be formed without the 
need for exact in register print as for cylindrical lenses. 
The device would simply be defined to operate in a 
mode utilising the twist error moire effect to produce an 
array of a few multiple images switching between imag- 
es es of different colour on tilting so that different devices 
within a manufacturing run would look substantially sim- 
ilar. 

In some cases, particularly where the correspond- 
ing microlens array is not part of the security device, it 
30 is important to prevent the microimage arrays from be- 
ing back engineered or to make it very difficult to back 
engineer from the analysing lens arrays that would be 
distributed in the field as readers. 

One preferred method is to use two different lens 
35 arrays of related pitches when recording the initial image 
deliberately chosen to have similar but different pitches, 
for example, varying by for example 20% (range 5%- 
50%). The initial array would be recorded by imaging 
two separate images, say, A and B each through differ- 
40 ent lens arrays, one for A and one for B, into the same 
recording material. To form a printed security device the 
resultant pattern would then be printed onto a document 
or otherwise reproduced and then overlaid with a mic- 
rolens array with a suitable twist offset to produce sev- 
45 eral multiple images by the moire effect. The resultant 
security device would then display a number of images 
A, the number and pitch set by the moire interaction be- 
tween the microimages and analysing array plus an ar- 
ray of images B with a different size, number and pitch 
50 depending on the different moire interaction between 
this microimage array and the corresponding analysing 
lens array. This image consisting of two different moire 
generated repeating patterns would be very difficult to 
back engineer as two lens sets would be required. The 
55 analysing lens system could be similar to either of the 
recording lenses. Depending on the relative periodici- 
ties and recorded sizes the resultant image pattern 
could take a number of forms. The image could consist 
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of two sets of images displaying a slightly different size 
or number across the array if the relative periodicities 
are very close. Alternatively the image patterns could 
display markedly different characteristics for example a 
few large images A displayed with a large number of 
small images B, if the lens arrays are of very different 
periodicities (say 50% different) with the small images 
B displaying a much faster rate of change and move- 
ment with lens twist and view angle. Using this concept 
it would also be possible to record the formative images 
A and B separately and then print the images down in 
separate colours to form a similar effect where two im- 
ages of different colours display different moire effects 
and markedly different angular rates of change with the 
smaller images with a small repeat pitch changing more 
rapidly with viewing angle. 

This invention also provides for another technique 
where two microimage patterns are again laid down but 
form an image again with different moire repeats in order 
to make copying and counterfeit more difficult. In this 
case both images originate from the same lens array. 
Both images A and B are then used for different print 
runs on a document possibly but not essentially using 
inks of different colours. During printing one array is de- 
liberately twisted out of alignment relative to the other 
array so that the printed security device consists of two 
arrays of the same pitch but rotated relative to each oth- 
er. The same effect could be obtained in a more control- 
led way by using one master recording with the recorded 
lens array twisted between exposures. The single re- 
cording would provide tight control on relative moire 
pitches and image sizes, the double recording double 
print would provide for a colour differential. In this case 
when viewed with an analysing array either separately 
from the document or affixed to it the two arrays display 
images of different sizes and moire repeats. Depending 
on the twist mismatch angle the differences in image siz- 
es and repeats between the composite images could be 
large or small, for example a few large image A's com- 
bined with a large number of small image B's that would 
move much more rapidly with tilt. 

Another way to make copying or counterfeiting the 
devices more difficult would be to slightly alter the mic- 
rolens shapes from near spherical lenses to astigmatic 
lenses which would have different focal lengths along 
two different perpendicular axes about the optical axis 
of the lens. Previously we detailed a microlens manu- 
facturing technique where a photoresist plate coated 
with a known resist thickness was exposed to a regular 
rectangular grid pattern or hexagonal pattern (etc). The 
exposed areas were developed to leave islands of resist 
and then the resist melted to form substantially spherical 
lens structures under the influence of surface tension 
on the liquid meniscus which forms a spherical surface 
structure. If this technique is slightly altered to use rec- 
tangular or elliptical resist areas, then the resist islands 
will be longer in one axis and when melted would then 
form surface structures with different radii of curvature 



along two perpendicular axes. (For this technique to be 
usable with other aspects of this invention it is important 
that the pitches between lenses remains constant for 
both axes). This method would thus form an array of as- 
5 tigmatic spherical lenses on a constant pitch grid but 
with different focal lengths along different perpendicular 
axes - with shorter focal lengths along small axes. Such 
astigmatic lenses could be used during imaging with 
predistorted artwork to compensate for the aberrations 
10 to form more secure images. This would make the se- 
curity devices difficult to back engineer using reader 
lens arrays available in the field. 

Another way to make copying and counterfeiting 
more difficult is to use coloured lens arrays. Most proc- 
15 esses to back engineer lenses would require exposure 
through the lens array using blue or green light onto a 
photoresist or similar material to form a printing plate. If 
the analysis lens array is coloured red and effectively 
absorbs blue and green light this will make back engi- 
20 neering much more difficult. Likewise covering the anal- 
ysis lens array with a matrix or set of stripes of red, 
green, blue would allow images to be visualised in an 
overlap of colours using white light but would defeat 
back engineering which would require using substan- 
25 tially single colour light to image through the lens onto 
high resolution film or photoresist/photopolymer. In this 
case substantial parts of the spectrum would be blocked 
by the filter stripes forming only partial images corre- 
sponding to the unblocked areas. This would make 
30 counterfeit back engineering the microimages using re- 
adout lens arrays prohibitively difficult or impossible by 
ensuring that the counterfeit image quality would be dra- 
matically degraded. A particularly effective and pre- 
ferred route of permanently colouring the lens array with 
35 a red, green, blue set of filters would be print this onto 
the lens array using dye diffusing inks so that the col- 
oured dyes penetrated some distance into the plastic. 
The filter could therefore not be removed from the lens 
array without destroying it. 
40 It is also possible to obtain other kinds of effects to 
make the device more difficult to copy or counterfeit by 
using lens arrays consisting of different lens types on 
different pitched arrays. For example, if two sets of mi- 
croimages, A and B are recorded through two corre- 
45 sponding lens arrays (A,B) of different "pitches", array 
A will only register to and replay through corresponding 
lens array A and array B will only register to and replay 
through corresponding lens array B. Here lens arrays A 
and B would be of the same focal length but have dif- 
50 ferent spacings. The microimage arrays A and B are 
printed interspersed in the same document area. Prior 
art cylindrical lens based systems would need exact reg- 
ister for the image to be viewable but this approach can 
use typical printing register (ie. not within 1 0 microns or 
55 10's of microns but say within 0.5 mm). The device 
would be viewed through a lens array that consists of 
combinations of lens arrays A and B (ie. areas of A and 
of B interspersed over small areas either randomly or 
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discretely). If now for example lens arrays A and B have 
different focal lengths then images A and B will be per- 
ceived to move at different apparent rates on tilting, so 
providing a visual effect where for example, image B 
moves much faster (e.g. two image repeats to one) than 
image A. Sets of microimages A and B could also be put 
in different print colours so that the final image would be 
a switching effect between say red A's and blue B's, with 
A's and B's moving at very different apparent rates on 
tilting. 

The advantageous characteristics of all these ap- 
proaches detailed above are as follows ... 

Exact registration of print and microlenses is not 
needed, unlike other switching effects using cylin- 
drical microlenses which require precise registra- 
tion to be effective. 

The combined system would be very difficult to re- 
produce as a combined lens array and matched mi- 
croimage print provides security value. 
Aspects of the invention that use two different print 
e.g. ink workings still do not have tight register con- 
straints on these elements or on their relative reg- 
ister to the microlens array. 

One particularly advantageous approach to forming 
a document OVD (optically variable device) by entirely 
printing techniques apart from the creation of the initial 
plates is outlined below. First print down the micro-im- 
age arrays using one or more printing ink colours as ap- 
propriate to the technique being used. Print processes 
suitable for this type of resolution would for example be 
litho and intaglio printing. Then as a second stage form 
the overlaid microlens array: a preferred method would 
be to use an intaglio printing plate as an embossing 
would to form the lenses. I ntaglio printing is a well known 
process by which raised profiled printed ink structures 
can be formed to provide a characteristic tactile level of 
security on documents of value. This process involves 
specialised inks and specialised print processes using 
engraved printing plates and high pressures to mould 
ink into a relief structure on a document. In this case the 
intaglio printing plate in the intaglio print process would 
consist of the negative surface relief profile of the spher- 
ical lens array required. The spherical lens array could 
then be formed in situ on the document by laying down 
a relatively thick layer of clear ink or varnish over the 
microimage area and then using the intaglio press to 
mould the lens array into this ink or varnish analogous 
to that used to form intaglio printed areas on documents. 
In this way the entire microlens plus microimage security 
device could be formed using printing processes alone. 

It should be noted that the key advantage this tech- 
nique has to offer over previous techniques based on 
cylindrical lenses is that the use of spherical microlens- 
es and corresponding matched arrays of microimages 
permit relatively wide tolerances. In particular the moire 
"beat" pattern of images formed by the interaction of the 



lens array and the corresponding microimage array can 
be utilised toallowfurther degrees of wide tolerance reg- 
ister by deliberately using a device displaying multiple 
moire generated images. 
s Another method of mass producing image arrays 
instead of by ink printing is to form the image array by 
selectively removing areas from an aluminium film to 
form images. For example, etched micro print of this 
form is often incorporated into window thread metallic 
10 strips added as a thread to security paper such as those 
used for banknotes and other high value documents. 
These images are normally formed on an aluminised 
plastic film by either printing on an etchant solution to 
remove selective areas of aluminium to form images, or 
15 printing a protective layer on the aluminium then remov- 
ing unprotected areas using an etch solution. Using ei- 
ther technique one could organise that an aluminium or 
other metal film in a paper thread carried an array of 
microimages by using a microimage plate for the initial 
20 printing. This would then enable a security paper win- 
dow thread to carry a covert microimage revealable by 
overlaying it with a separate corresponding microlens 
array. One would also anticipate a process of producing 
a security device consisting of an integrated microlens 
25 array and corresponding image array to form a directly 
viewable security device by a process of embossing a 
microlens array relief profile into a suitable material (e. 
g. polyester), aluminising and then forming microimages 
in the aluminium layer by a print/etch process as out- 
30 lined above to form a microlens security device that 
would be integrated into paper products as a window 
thread. 

One would also use this type of process for forming 
a microimage array into the type of dot/half toned alu- 
35 minium areas used to form the reflective layer in de-met- 
allised holograms used for security overlays and over- 
laminates for example to protect photographs as is 
known elsewhere. Sofor instance a secure substantially 
transparent holographic overlaminate containing a ho- 
40 lographic OVD effect could also contain a covert micro- 
image pattern formed within the shape or layout of the 
dots of aluminium forming the partially metallised layer 
which would be revealed using a microlens array over- 
lay. 

45 Alternative methods of integrating the lens array on- 
to a document would include embossing or forming the 
lens array into a UV curable resin applied over the mi- 
croimages (a process that would use considerably less 
pressure than intaglio print) and embossing the spheri- 
50 cal lens arrays separately using conventional emboss- 
ing equipment and transferring the embossed lens film 
to the document as a label or using hot stamping tech- 
niques. 

For documents or plastic transaction cards and the 
55 like where the substrate is plastic there are other useful 
embodiments of this invention which enable the micro- 
lenses and corresponding microimages to be incorpo- 
rated together. In this case the microlenses could be in- 
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corporated into one surface of a substantially optically 
clear plastic substrate, whilst the thickness of the sub- 
strate would provide the necessary separation from the 
microimage array which would be placed on the other 
side of the substrate (or within an inner layer of the sub- 
strate for the case of thicker plastic cards) and viewed 
through the substrate material. This would avoid the 
need for a raised area of microlenses as needed with 
documents and would enable the microlenses to be 
combined within the substrate either by using an em- 
bossing process before manufacture or during manu- 
facture. 

Some examples of security devices according to 
the invention will now be described with reference to the 
accompanying drawings, in which:- 

Figures 1A and 1B illustrate respectively in cross- 
section and in perspective view a security device 
when viewed normally; 

Figures 1C and 1Dare similar to Figures 1 A and 1B 
showing the security device when viewed through 
a microlens array viewer; 

Figure 1 E is a schematic, perspective view of the 
arrangement shown in Figures 1 C and 1 D; 
Figures 2A and 2B illustrate the recording and re- 
play of a pair of images respectively; 
Figures 3A and 3B illustrate a document carrying a 
security device, and the document when viewed 
through a microlens array respectively; 
Figure 4 illustrates an example of the production of 
a security device; 

Figure 5 illustrates a further example of a security 
device; and, 

Figure 6 illustrates a security document holder. 

Figures 1 A and 1 B illustrate a substrate 1 carrying 
a two-dimensional array of microimages 2 (only one set 
of regularly spaced microimages being shown for clari- 
ty). The substrate 1 may comprise a security document, 
such as a banknote, or a separate substrate which is 
subsequently adhered via an adhesive (not shown) to a 
security document. Each microimage 2 within the array 
is substantially identical and typically has a dimension 
of up to 250 microns. Each microimage comprises an 
image with detail which can be resolved to say 5 or 10 
microns. Typically, there will be many, e.g. more than 
one hundred microimages provided per array. 

To the naked eye, the image recorded in each mi- 
croimage will be unrecognisable as illustrated in Figure 
1 B. However, when a matching array 3 of spherical mi- 
crolenses is brought into alignment with the microimag- 
es as in Figures 1C and 1E the images will replay opti- 
cally through the corresponding lenses when viewed in 
a direction 21 to generate magnified images as sche- 
matically shown in Figure 1 D. Here the image recorded 
in each microimage within the array is the letter "A". 

The viewer would need to align the analysing lenses 
3 for focal length (i.e. planar separation) to bring the mi- 



croimages 2 into focus and then correct for tilt and twist. 
The viewer will first see, as the analysing lenses are 
twisted into place, an array of many small images which 
gradually reduce in number to a few large images when 

5 the alignment is perfect. 

This is effectively the visual equivalent of viewing a 
normally printed image such as a photograph. The effect 
can be used to provide an optical security device, as 
counterfeits will be readily detected. 

10 In the Figure 1 example, each microimage 2 is iden- 
tical. It is also possible, however, to record sets of mi- 
croimages which define different images or different 
views of the same image in order to achieve a three- 
dimensional image and/or switching or moving replay 

15 effects similar to those produced by holography. This is 
illustrated in Figure 2. In this case, each lens of a lens 
array 4 records the different view point of an object 11 
onto the photosensitive coating 5A on a substrate 5B. 
Object 12 is then recorded from a different angle. In this 

20 example, the different objects 11,12 are the letters "A" 
and "B" respectively. When the array printed substrate 
5 is viewed through a similar microlens array 4' (Figure 
2B) depth and movement effects will be visible as the 
viewer changes viewpoint from X to Y: the viewer will 

25 see 11 at position X and 12 at position Y. 

Figure 3 illustrates an example of a security docu- 
ment 6 incorporating a security device 7 similar to the 
devices shown in Figures 1 and 2. As indicated in Figure 
3A ; the image used in the microimage array in the se- 

30 curity device is not resolvable to the naked eye. The ar- 
ray will have typically been printed onto the substrate, 
such as paper, using standard ink printing techniques 
such as lithographic printing. 

In order to inspect the security device 7, a microlens 

35 array 8 is laid over the security device 7 causing the mi- 
croimages to reconstruct and generate magnified imag- 
es as shown in Figure 3B. Typically, the microlens array 
8 will be provided in a reader device (not shown) into 
which the document 6 is inserted. 

40 To create a hidden security print feature as in Fig. 3 
typically requires the creation of a master printing plate 
consisting of an array of microimages - preferably 
formed by imaging one or more sets of graphics down 
onto a high resolution photosensitive recording medium 

45 via a microlens array. 

This results in a regularly spaced array of micro- 
scopic images of minimum detail size around 5u, and 
typically of maximum image size 100-200u.. These im- 
ages and the detailing would not be viewable by unaided 

50 eye. This pattern could also be created by using direct 
write photomask manufacturing techniques as used in 
the semiconductor industry. 

The printing of the microimage pattern on the plate 
onto a security document or plastic card, etc., would use 

55 standard security printing methods e.g. lithographic or 
intaglio printing which are capable of producing high res- 
olution printing detail to as small as 5 to 10 microns. 
This would then form a security document compris- 
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ing a covert array of microscopic images unrecognisa- 
ble to the unaided eye and so small as to be substantially 
non-discernible using standard hand magnifiers, etc. 
This array of microimages may be revealed by overlay- 
ing it with the array of microlenses 8, probably supplied 
as an embossed transparent plastic sheet which has an 
array of surface relief microlenses. When the viewing 
sheet is properly aligned the eye would see a vastly 
magnified image of the original microscopic image in the 
array, which would exhibit characteristic depth and 
movement effects. Using slightly more sophisticated 
multiple exposure techniques at the origination stage 
would also allow this image to "flip" or switch between 
two or more different graphical images, coloured images 
or lines to give an optically variable switching effect on 
tilting the device during inspection for authenticity. 

One method of manufacturing a security device is 
shown in Figure 4. 

An array of one or more sets of microimages 11 (Fig- 
ure 4A) would be printed onto a security document sub- 
strate 10 using conventional printing technology such 
as intaglio printing. 

The print 1 1 is then overlaid with a transparent pol- 
ymeric resin material 12 (Figure 4B) and then a corre- 
sponding array of microlenses 13 is formed either e.g. 
by embossing with a stamper, or using a UV curable 
composition or by using a casting/curing process in situ 
(Figure 4C). Alternatively an array of pre-formed micro- 
lenses could be applied over the print using transfer 
techniques as currently used in the holographic and 
print industry (e.g., hot stamping foil). 

However, the preferred route would be to form the 
corresponding microlenses in situ either by moulding 
the transparent plastic with an uninked intaglio plate on 
a printing press, or by a casting approach. This would 
involve overcoating the print feature 11 with a transpar- 
ent curable material 12 and then forming the microlens 
array into the surface of this transparent material using 
an uninked intaglio printing plate or an embossing mould 
14 and then, after removing any solvent, curing the ma- 
terial using UV light, electron beams or similar tech- 
niques to polymerise and cure the layer. Optionally the 
microlenses may be replaced by a diffractive microlens 
(i.e. a holographic optical element) applied or formed by 
the same in-situ moulding process or applied as stand- 
ard hot stamping foil or similar. 

Figure 5 illustrates another approach applicable to 
plastics substrates in which microimages 1 5 (one shown 
for clarity) are printed on one side of a plastics substrate 

16 which is transparent while microlenses 17 are cast 
or moulded into the other side of the substrate 1 6. The 
substrate thickness is used as the optical spacer re- 
quired to allow the image recorded in the microimages 
to be recognisable through the lenses. The substrate in 
other areas may be provided with an opacifying coating 

1 7 which could then be printed over with security indicia. 

Figure 6 shows a document holder 22 to enable a 
security device easily to be authenticated. The security 



document holder 22 has an arrangement 25 such as a 
slot or spring loader assembly for locating a security 
document 23 having a microimage security device 24 
substantially in register with a set of microlenses 26 lo- 
5 cated within the document holder such that the security 
device can be viewed through the corresponding micro- 
lens array 26 to form a magnified image 27 for verifica- 
tion by an observer 28. 



Claims 

1. A security device comprising a regular two dimen- 
sional array of substantially identical printed micro- 
images (2), each having a dimension up to about 
250 u.m and which, when viewed through a physi- 
cally separate regular two dimensional array (3) of 
substantially identical spherical microlenses having 
substantially the same pitch as the microimage ar- 
ray, each microlens having a diameter in the range 
substantially 50-250 u.m, generate one or a number 
of magnified versions of the microimage depending 
on the extent to which the array of microimages and 
the array of microlenses are in register. 

2. A device according to claim 1, wherein the micro- 
images (2) have been printed with ink. 

3. A security device according to claim 2, wherein the 
microimages (2) have been lithographically or in- 
taglio printed. 

4. A security device comprising an optically variable 
device exhibiting an optically variable image, the 
optically variable device further including a regular 
two dimensional array of substantially identical mi- 
croimages (2) each having a dimension up to about 
250 urn and which, when viewed through a regular 
two dimensional array (3) of substantially identical 
spherical microlenses having substantially the 
same pitch as the microimage array, each microlens 
having a diameter in the range substantially 50-250 
urn, generate one or a number of magnified ver- 
sions of the microimage depending on the extent to 
which the array of microimages and the array of mi- 
crolenses are in register. 

5. A security device according to claim 4, wherein the 
optically variable image comprises a hologram. 

6. A device according to claim 5, wherein the holo- 
gram is formed by a surface relief pattern. 

7. A security device according to any of claims 4 to 6, 
wherein the microimages are provided as a surface 
relief. 

8. A device according to any of the preceding claims, 
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further comprising a regular two dimensional array 
(3) of substantially identical spherical microlenses 
having substantially the same pitch as the microim- 
age array (2), each microlens having a diameter in 
the range substantially 50-250 urn secured over the 
array of microimages to generate one or a number 
of magnified versions of the microimage depending 
on the extent to which the array of microimages and 
the array of microlenses are in register. 

9. A device according to claim 8, wherein the array of 
microlenses (3) isformed in a transparent polymeric 
composition. 

10. A security device according to claim 9, wherein the 
microlens array (3) composition is coloured. 

11. A device according to claim 10, wherein the micro- 
lens array (3) is transparent and provided with 
stripes of different colours. 

12. A device according to any of the preceding claims, 
wherein the array of microimages (2) includes a 
number of sets of microimages, the microimages 
within each set being the same while the microim- 
ages of one set differ from those of the other set or 
sets. 

1 3. A device according to claim 1 2, wherein the different 
microimages (2) define different views of the same 
image. 

1 4. A device according to claim 1 2, when dependent on 
claim 8, wherein the array of microimages (2) in- 
cludes at least two sets of microimages at least one 
set of different pitch to the corresponding viewing 
microlens array such that the or each magnified im- 
age generated consists of at least two elements 
moving at different apparent rates and forming dif- 
ferent numbers of magnified images of each ele- 
ment. 

1 5. A device according to any of claims 1 2 to 1 4, where- 
in each set of microimages (2) is differently col- 
oured. 

16. A device according to any of the preceding claims, 
wherein the microlenses (3) comprise astigmatic 
spherical lenses having different focal lengths in 
mutually orthogonal directions around the optical 
axis. 

17. A method of preparing a record medium for use in 
producing a security device, the method comprising 
imaging an object or image onto a record medium 
through a regular two dimensional array of substan- 
tially identical spherical microlenses (3), each mic- 
rolens having a diameter in the range substantially 



50-250 urn, so as to record a regular two dimen- 
sional array of substantially identical microimages 
(2), each having a dimension of up to about 250 u.m 
and substantially the same pitch as the microlens 
5 array. 

18. A method according to claim 17, wherein the record 
medium constitutes a printing plate. 

10 19. A method according to claim 17 or 18, wherein the 
imaging step comprises imaging the object or im- 
age onto the same record medium through a 
number of different regular two dimensional arrays 
of substantially identical spherical microlenses (3), 

75 each microlens having a diameter in the range sub- 
stantially 50-250 urn. 

20. A method according to claim 1 9, wherein the image 
or object is imaged through two of said arrays of 

20 substantially spherical microlenses (3). 

21. A method according to claim 19orclaim20, wherein 
the pitches of the arrays of microlens (3) vary be- 
tween the arrays by between 5 and 50%. 

25 

22. A method according to claim 21 , wherein the varia- 
tion in pitch is substantially 20%. 

23. A method of manufacturing a security device, the 
30 method comprising printing a regular two dimen- 
sional array of substantially identical microimages 
(2) on a record medium, each having a dimension 
up to about 250 ^m; and securing over the array of 
microimages, a regular two dimensional array (3) of 

35 substantially identical spherical microlenses having 
substantially the same pitch as the microimage ar- 
ray, each microlens having a diameter in the range 
substantially 50-250 |j,m, such that on viewing, one 
or a number of magnified versions of the microim- 

40 age, depending on the extent to which the array of 
microimages and the array of microlenses are in 
register, is seen. 

24. A method according to claim 23, wherein the allow- 
45 able tolerance during the securing step between the 

arrays of microimages (2) and microlenses (3) is in 
the range 0.25-0. 5mm. 

25. Amethod according to claim 23 or claim 24, wherein 
so the printing step comprises a lithographic or intaglio 

process. 

26. A method according to any of claims 23 to 25, 
wherein the step of securing a regular array of sub- 

S5 stantially identical spherical microlenses (3) com- 
prises laying a transparent medium on the record 
medium, and forming the array of microlenses (3) 
in the transparent medium. 
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27. A method according to claim 26, wherein the form- 
ing step comprises an intaglio process. 

28. A security document carrying a security device ac- 
cording to any of claims 1 to 1 6, or manufactured in 
accordance with any of claims 23 to 27. 

29. A method of authenticating a security device ac- 
cording to any of claims 1 to 7, or any of claims 1 2 
to 16 when dependent on any of claims 1 to 7, the 
method comprising positioning a regular two dimen- 
sional array of substantially identical spherical mic- 
rolenses (3) having substantially the same pitch as 
the microimage array (2), each microlens having a 
diameter in the range substantially 50-250 urn, over 
the security device, and viewing the security device 
through the array of microlenses so as to generate 
one or a number of magnified versions of the micro- 
image depending on the extent to which the array 
of microimages and the array of microlenses are in 
register. 

30. A security device reader comprising a regular two 
dimensional array of substantially identical spheri- 
cal microlenses (3) having substantially the same 
pitch as the microimage array (2), each microlens 
having a diameter in the range substantially 50-250 
urn; and a security document holder for locating a 
security document having a security device accord- 
ing to any of claims 1 to 7, or any of claims 12 to 16 
when dependent on any of claims 1 to 7, relative to 
the array of microlenses such that the security de- 
vice can be viewed through the microlenses and so 
as to generate one or a number of magnified ver- 
sions of the microimage depending on the extent to 
which the array of microimages and the array of mi- 
crolenses are in register. 

31. A reader according to claim 30, wherein the array 
of microlenses (3) andthe security document holder 
are relatively rotatable. 

32. A security device according to any of claims 8 to 16, 
comprising a transparent substrate on one side of 
which is provided the array of microlenses (3) and 
on the other side of which is provided the array of 
microimages (2). 

33. A device according to claim 32, wherein the sub- 
strate is plastics. 



Patentanspriiche 

1. Sicherheitsvorrichtung, die aufweist eine regelma- 
Rige zweidimensionale Anordnung von im wesent- 
lichen identischen gedruckten Mikrobildern (2), von 
denen jedes eine GroRe bis zu 250 um hat und wel- 



che, wenn sie durch eine physikalisch getrennte re- 
gelmaRige zweidimensionale Anordnung 3 von im 
wesentlichen identischen spharischen Mikrolinsen, 
die im wesentlichen dieselbe Teilung wie die Mikro- 

5 bildanordnung aufweist, wobei jede Mikrolinse ei- 
nen Durchmesser im Bereich im wesentlichen 50 
bis 250 urn hat, betrachtet wird, eine oder eine An- 
zahl von vergroRerten Versionen der Mikrobilder er- 
zeugt in Abhangigkeit von der Ausdehnung, in der 

io die Anordnung der Mikrobilder und die Anordnung 
der Mikrolinsen in Ubereinstimmung sind. 

2. Vorrichtung nach Anspruch 1 , worin die Mikrobilder 
(2) mit Druckfarbe gedruckt worden sind. 

15 

3. Sicherheitsvorrichtung nach Anspruch 2, worin die 
Mikrobilder 2 lithografisch oder intaglio gedruckt 
sind. 

20 4. Sicherheitsvorrichtung, die aufweist eine optisch 
veranderliche Vorrichtung, die ein optisch veran- 
derliches Bild darstellt, wobei die optisch verander- 
liche Vorrichtung weiterhin aufweist eine regelma- 
Rige zweidimensionale Anordnung von im wesent- 

25 lichen identischen Mikrobildern (2), von denen je- 
des eine GroRe bis zu 250 urn hat und welche, wenn 
sie durch eine regelmaRige zweidimensionale An- 
ordnung 3 von im wesentlichen identischen sphari- 
schen Mikrolinsen, die im wesentlichen dieselbe 

so Teilung wic die Mikrobildanordnung hat, wobei jedo 
Mikrolinse einen Durchmesser im Bereich im we- 
sentlichen 50 bis 250 urn hat, betrachtet wird, eine 
oder eine Anzahl von vergroBerten Versionen der 
Mikrobilder erzeugt in Abhangigkeit von der Aus- 

35 dehnung, mit der die Anordnung der Mikrobilder 
und die Anordnung der Mikrolinsen in Ubereinstim- 
mung sind 

5. Sicherheitsvorrichtung nach Anspruch 4, worin das 
40 optisch veranderliche Bild ein Hologramm aufweist. 

6. Vorrichtung nach Anspruch 5, worin das Holo- 
gramm gebildet ist durch ein Oberflachenreliefmu- 
ster. 

45 

7. Sicherheitsvorrichtung nach einem der Anspruche 
4 bis 6, worin die Mikrobilder als ein Oberflachen- 
relief vorgesehen sind. 

so 8. Eine Vorrichtung nach einem der vorherigen An- 
spruche, die weiterhin aufweist eine regelmaRige 
zweidimensionale Anordnung 3 von im wesentli- 
chen identischen spharischen Mikrolinsen, die im 
wesentlichen dieselbe Teilung wie die Mikrobildan- 

55 ordnung (2) hat, wobei jede Mikrolinse einen Durch- 
messer im Bereich im wesentlichen 50 - 250 um hat, 
die uberder Anordnung der Mikrobilder befestigt ist, 
um eine oder eine Anzahl von vergroRerten Versio- 
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nen der Mikrobilder zu erzeugen in Abhangigkeit 
von der Ausdehnung, in der die Anordnung von Mi- 
krobildern und die Anordnung von Mikrolinsen in 
Ubereinstimmung sind. 

9. Vorrichtung nach Anspruch 8, worin die Anordnung 
von Mikrolinsen (3) gebildet ist in einer transparen- 
ten polymerischen Zusammensetzung. 

10. Sicherheitsvorrichtung nach Anspruch 9, worin die 
Zusammensetzung der Mikrolinsenanordnung (3) 
gefarbt ist. 

11. Vorrichtung nach Anspruch 10, worin die Mikrolin- 
senanordnung (3) transparent ist und mit Streifen 
von unterschiedlichen Farben versehen ist. 

12. Vorrichtung nach einem der vorherigen Anspruche, 
worin die Anordnung von Mikrobildern (2) eine An- 
zahl von Satzen von Mikrobildern aufweist, wobei 
die Mikrobilder innerhalb jedes Satzes dieselben 
sind, wahrend die Mikrobilder eines Satzes sich von 
denen des oder der anderen Satze unterscheiden. 

13. Vorrichtung nach Anspruch 12, worin die unter- 
schiedlichen Mikrobilder (2) unterschiedliche An- 
sichten desselben Bildes definieren. 

14. Vorrichtung nach Anspruch 12, wenn er von An- 
spruch 8 abhangt, worin die Anordnung der Mikro- 
bilder (2) mindestens zwei Satze von Mikrobildern 
aufweist, wobei mindestens ein Satz mit unter- 
schiedlicher Teilung zu der entsprechenden Be- 
trachtungslinsenanordnung ist, so daf3 das oder je- 
des erzeugte vergrdGerte Bild aus mindestens zwei 
Elementen besteht, die sich mit unterschiedlichen 
Erscheinungsgeschwindigkeiten bewegen und un- 
terschiedliche Anzahlen von vergroBerten Bildern 
jedes Elements bilden. 

15. Vorrichtung nach einem der Anspruche 12 bis 14, 
worin jeder Satz von Mikrobildern (2) unterschied- 
lich gefarbt ist. 

16. Vorrichtung nach einem der vorherigen Anspruche, 
worin die Mikrolinsen (3) astigmatische spharische 
Linsen aufweisen, die unterschiedliche Brennwei- 
ten in orthogonal zueinanderverlaufenden Richtun- 
gen urn die optische Achse haben. 

17. Verfahren zum Ausrusten eines Aufzeichnungsme- 
diumszum Gebrauch beim Herstellen einer Sicher- 
heitsvorrichtung, wobei das Verfahren aufweist Ab- 
bilden eines Objekts oder Bildes auf einem Auf- 
zeichnungsmedium durch eine regelmaBige zwei- 
dimensionale Anordnung von im wesentlichen iden- 
tischen spharischen Mikrolinsen (3), wobei jede Mi- 
krolinse einen Durchmesser im Bereich im wesent- 



lichen 50 - 250 urn hat, urn so eine regelmaBige 
zweidimensionale Anordnung von im wesentlichen 
identischen Mikrobildern aufzuzeichnen, die jeweils 
eine GrbBe bis zu 250 urn und im wesentlichen die- 
5 selbe Teilung wie die Mikrolinsenanordnung haben. 

18. Verfahren nach Anspruch 17, worin das Aufzeich- 
nungsmedium eine Druckplatte bildet. 

10 19. Verfahren nach Anspruch 17 oder 18, worin der Ab- 
bildungsschritt aufweist das Abbilden des Objekts 
oder Bildes auf demselben Aufzeichnungsmedium 
durch eine Anzahl von unterschiedlichen regelma- 
Bigen zweidimensionalen Anordnungen von im we- 

15 sentlichen identischen spharischen Mikrolinsen (3) 
wobei jede Mikrolinse einen Durchmesser im Be- 
reich im wesentlichen 50 bis 250 urn hat. 

20. Verfahren nach Anspruch 19, worin das Bild oder 
20 Objekt abgebildet wird durch zwei Anordnungen 

von im wesentlichen spharischen Mikrolinsen (3). 

21. Verfahren nach Anspruch 19 oder 20, worin die Tei- 
lung der Anordnungen von Mikrolinsen (3) variiert 

25 zwischen den Anordnungen urn zwischen 5 und 50 

%. 

22. Verfahren nach Anspruch 21 , worin die Variation in 
der Teilung im wesentlichen 20 % ist. 

30 

23. Verfahren zum Herstellen einer Sicherheitsvorrich- 
tung, wobei das Verfahren aufweist Drucken einer 
regelmaBigen zweidimensionalen Anordnung von 
im wesentlichen identischen Mikrobildern (2) auf 

35 ein Aufzeichnungsmedium, von denen jedes eine 
GrdBe bis zu 250 urn hat; und Befestigen eine re- 
gelmaBige zweidimensionale Anordnung (3) von im 
wesentlichen identischen spharischen Mikrolinsen, 
die im wesentlichen dieselbe Teilung wie die Mikro- 
40 bildanordnung hat, wobei jede Mikrolinse einen 
Durchmesser im Bereich im wesentlichen 50 - 250 
urn hat liber der Anordnung von Mikrobildern, so 
daB beim Betrachten eine oder eine Anzahl von ver- 
groBerten Versionen des Mikrobildes in Abhangig- 
45 keit von der Ausdehnung, in der die Anordnung von 
Mikrobildern und die Anordnung von Mikrolinsen in 
Ubereinstimmung ist, gesehen wird. 

24. Verfahren nach Anspruch 23, worin die zulassige 
so Toleranz wahrend des Befestigungsschritts zwi- 
schen den Anordnungen von Mikrobildern (2) und 
Mikrolinsen (3) im Bereich 0,25 - 0,5 mm ist. 

25. Verfahren nach Anspruch 23 oder Anspruch 24, 
55 worin der Druckschritt ein lithografisches oder in- 
taglio Verfahren aufweist. 

26. Verfahren nach einem der Anspruche 23 bis 25, 
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worin der Schritt der Befestigung einer regelmatSi- 
gen Anordnung von im wesentlichen identischen 
spharischen Mikrolinsen (3) aufweist das Legen ei- 
nes transparenten Mediums auf das Aufzeich- 
nungsmedium und Ausbilden der Anordnung von 
Mikrolinsen (3) in dem transparenten Medium. 

27. Verfahren nach Anspruch 26, worin der Ausfor- 
mungsschritt ein Intaglioverfahren aufweist. 

28. Ein Sicherheitsdokument, das eine Sicherheitsvor- 
richtung nach einem der Anspruche 1 bis 16 tragt 
Oder hergestellt ist in Ubereinstimmung mit einem 
der Anspruche 23 bis 27. 

29. Verfahren zur Uberprufung der Echtheit einer Si- 
cherheitsvorrichtung nach einem der Anspruche 1 
bis 7 oder einem der Anspruche 1 2 bis 1 6, wenn sie 
von einem der Anspruche 1 bis 7 abhangen, wobei 
das Verfahren aufweist Positionieren einer regel- 
maBigen zweidimensionalen Anordnung von im 
wesentlichen identischen spharischen Mikrolinsen 
(3), die im wesentlichen dieselbe Teilung wie die Mi- 
krobildanordnung (2) hat, wobei jede Mikrolinse ei- 
nen Durchmesser im Bereich im wesentlichen 50 - 
250 u.m hat, iiber der Sicherheitsvorrichtung und 
Betrachten der Sicherheitsvorrichtung durch die 
Anordnung von Mikrolinsen, urn so eine oder eine 
Anzahl von vergrdGerten Versionen des Mikrobil- 
des zu erzeugen in Abhangigkeit von der Ausdeh- 
nung, in der die Anordnung von Mikrobildern und 
die Anordnung von Mikrolinsen in Ubereinstim- 
mung sind. 

30. Sicherheitsvorrichtungsleser, der eine regelma(3ige 
zweidimensionale Anordnung von im wesentlichen 
identischen spharischen Mikrolinsen (3) aufweist, 
die im wesentlichen dieselbe Teilung wie die Mikro- 
bildanordnung (2) hat, wobei jede Mikrolinse einen 
Durchmesser im Bereich im wesentlichen 50 - 250 
u.m hat; und einen Sicherheitsdokumentenhalter 
zum Positionieren eines Sicherheitsdokuments, 
das eine Sicherheitsvorrichtung aufweist nach ei- 
nem der Anspruche 1 bis 7 oder einem der Anspru- 
che 12 bis 16, wenn sie von einem der Anspruche 
1 bis 7 abhangen, relativ zu der Anordnung von Mi- 
krolinsen, so dal3 die Sicherheitsvorrichtung durch 
die Mikrolinsen betrachtet werden kann und um so 
eine oder eine Anzahl von vergrdGerten Versionen 
des Mikrobildes zu erzeugen in Abhangigkeit von 
der Ausdehnung, in der die Anordnung von Mikro- 
bildern und die Anordnung von Mikrolinsen in Uber- 
einstimmung sind. 

31. Leser nach Anspruch 30, worin die Anordnung von 
Mikrolinsen (3) und der Sicherheitsdokumentenhal- 
ter relativ zueinander verdrehbar sind. 



32. Sicherheitsvorrichtung nach einem der Anspruche 
8 bis 16, die ein transparentes Substrat aufweist, 
auf dessen einer Seite die Anordnung von Mikrolin- 
sen (3) vorgesehen ist und auf deren anderer Seite 

s die Anordnung der Mikrobilder (2) vorgesehen ist. 

33. Vorrichtung nach Anspruch 32, worin das Substrat 
Kunststoff ist. 

10 

Revendications 

1. Dispositif de securite comportant une matrice bidi- 
mensionnellc reguliere de micro-images imprimees 

is (2), substantiellement identiques, chacune ayant 
une dimension allant jusqu'a environ 250 u.m et qui, 
lorsqu'on les observe a travers une matrice bidi- 
mensionnelle reguliere (3), physiquement separee, 
de microlentilles spheriques substantiellement 
20 identiques, ayant substantiellement le meme pas 
que la matrice de micro-images, chaque microlen- 
tille ayant un diametre substantiellement sur la pla- 
ge allant de 50 a 250 (.im, generent une version 
agrandie, ou un certain nombre de versions agran- 
25 dies, de la micro-image dans la mesure oil la ma- 
trice de micro-images et la matrice de microlentilles 
sont alignees. 

2. Dispositif selon la revendication 1, dans lequel les 
30 micro-images (2) ont ete imprimees avec de I'encre. 

3. Dispositif selon la revendication 2, dans lequel les 
micro-images (2) ont ete imprimees par procede li- 
thographique ou par procede de taille-douce. 

35 

4. Dispositif de securite comportant un dispositif opti- 
quement variable montrant une image optiquement 
variable, le dispositif optiquement variable compre- 
nant en outre une matrice bidimensionnelle regulie- 

40 re de micro-images imprimees (2), substantielle- 
ment identiques, chacune ayant une dimension al- 
lant jusqu'a environ 250 u.m et qui, lorsqu'on les ob- 
serve a travers une matrice bidimensionnelle regu- 
liere (3), de microlentilles spheriques substantielle- 

45 ment identiques, ayant substantiellement le meme 
pas que la matrice de micro-images, chaque micro- 
lentille ayant un diametre substantiellement sur la 
plage allant de 50 a 250 u.m, generent une version 
agrandie, ou un certain nombre de versions agran- 

50 dies, de la micro-image dans la mesure ou la ma- 
trice de micro-images et la matrice de microlentilles 
sont alignees. 

5. Dispositif de securite selon la revendication 4, dans 
55 lequel I'image optiquement variable comprend un 

hologramme. 

6. Dispositif de securite selon la revendication 5, dans 
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lequel I'hologramme est forme par un dessin a relief 
de surface. 

7. Dispositif de securite selon I'une quelconque des 
revendications 4 a 6, dans lequel les micro-images 
sont prevues sous forme de relief de surface. 

8. Dispositif selon I'une quelconque des revendica- 
tions precedentes. comportant en outre une matrice 
bidimensionnelle reguliere (3) de microlentilles 
spheriques substantiellement identiques ayant 
substantiellement le meme pas que la matrice de 
micro-images (2), chaque microlentille ayant un 
diametre substantiellement sur la plage allant de 50 
a 250 u.m fixee pardessus la matrice de micro-ima- 
ges pour generer une version agrandie, ou un cer- 
tain nombre de versions agrandies, de la micro- 
image dans la mesure ou la matrice de micro-ima- 
ges et la matrice de microlentilles sont alignees. 

9. Dispositif selon la revendication 8, dans lequel la 
matrice de microlentilles (3) est formee dans une 
composition polymere transparente. 

1 0. Dispositif de securite selon la revendication 9, dans 
lequel dans lequel la composition de la matrice de 
microlentilles (3) est coloree. 

11. Dispositif selon la revendication 10, dans lequel la 
matrice de microlentilles (3) est transparente et mu- 
nie de bandes de differentes couleurs 

12. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel la matrice de micro- 
images (2) comporte un certain nombre de groupe- 
ments de micro-images, les micro-images situees 
dans chaque groupement etant les memes tandis 
que les micro-images d'un groupement different de 
celles de I'autre groupement ou des autres groupe- 
ments. 

13. Dispositif selon la revendication 12, dans lequel les 
differentes micro-images (2) definissent differentes 
vues de la meme image. 

14. Dispositif selon la revendication 12, lorsqu'elle de- 
pend de la revendication 8, dans lequel la matrice 
de micro-images (2) comporte au moins deux grou- 
pements de micro-images dont au moins un grou- 
pement d'un pas different de celui de la matrice de 
microlentilles d'observation correspondante de fa- 
con que I'image agrandie ou chaque image agran- 
die, generee, soit constitute d'au moins deux ele- 
ments se deplacant a des vitesses apparentes dif- 
ferentes et formant des nombres differents dama- 
ges agrandies de chaque element. 

15. Dispositif selon I'une quelconque des revendica- 



tions 12 a 14, dans lequel chaque groupement de 
micro-images (2) est d'une couleur differente. 

16. Dispositif selon I'une quelconque des revendica- 
5 tions precedentes, dans lequel les microlentilles (3) 

comportent des lentilles spheriques astigmatiques 
de distances focales differentes selon des direc- 
tions mutuellement orthogonales autour de leur axe 
optique. 

10 

17. Procede de preparation d'un support d'enregistre- 
ment pour emploi dans la fabrication d'un dispositif 
de securite, le procede consistant a obtenir une 
image de I'objet ou d'une image sur un support d'en- 

75 registrement par I'intermediaire d'une matrice bidi- 
mensionnelle reguliere de microlentilles spheriques 
(3) substantiellement identiques, chaque microlen- 
tilles ayant un diametre substantiellement sur la pla- 
ge allant de 50 a 250 um de facon a enregistrer 
20 une matrice bidimensionnelle reguliere de micro- 
images substantiellement identiques, chacune 
ayant une dimension allant jusqu'a environ 250 u.m 
et substantiellement le meme pas que celui de la 
matrice de microlentilles. 

25 

18. Procede selon la revendication 17, dans lequel le 
support d'enregistrement constitue un cliche. 

19. Procede selon la revendication 17 ou 18, dans le- 
30 quel I'etape d'obtention de I'image consiste a obte- 
nir I'image de I'objet ou de I'image sur le meme sup- 
port d'enregistrement par I'intermediaire d'un cer- 
tain nombre de matrices bidimensionnelles regulie- 
res differentes de microlentilles spheriques (3), 

35 substantiellement identiques, chaque microlentille 
ayant un diametre substantiellement sur la plage al- 
lant de 50 a 250 u.m. 

20. Procede selon la revendication 19, dans lequel on 
40 obtient I'image de I'image ou de I'objet par I'interme- 
diaire de deux desdites matrices de microlentilles 
(3) substantiellement spheriques. 

21 . Procede selon la revendication 1 9 ou la revendica- 
45 tion 20, dans lequel les pas des matrices de micro- 
lentilles (3) varient, entre les matrices, de 5 a 50 %. 

22. Procede selon la revendication 21, dans lequel la 
variation du pas est substantiellement 20 %. 

50 

23. Procede de fabrication d'un dispositif de securite, 
le procede consistant a imprimer une matrice bidi- 
mensionnelle reguliere de micro-images (2) subs- 
tantiellement identiques sur un support d'enregis- 

55 trement, chacune ayant une dimension allant jus- 
qu'a environ 250 urn ; et a fixer par dessus la ma- 
trice de micro-images une matrice bidimensionnelle 
reguliere (3) de microlentilles spheriques substan- 



20 



25 



15 



29 



EP 0 698 256 B1 



30 



tiellement identiques ayant substantiellement le 
meme pas que la matrice de micro-images, chaque 
microlentille ayant un diametre substantiellement 
sur la plage allant de 50 a 250 urn, de facon que, 
en observant, on voie une version agrandie, ou un 
certain nombre de versions agrandies, de la micro- 
image, dans la mesure ou la matrice de micro-ima- 
ges et la matrice de microlentilles sont alignees. 

24. Procede selon la revendication 23, dans lequel la 
tolerance autorisee au cours de I'etape d'observa- 
tion de securite entre les matrices des micro-ima- 
ges (2) et des microlentilles (3) est sur la plage 
0,25-0,5 mm. 

25. Procede selon la revendication 23 ou la revendica- 
tion 24, dans lequel I'etape d'impression comporte 
un procede lithographique ou un procede de taille- 
douce. 

26. Procede selon I'une quelconque des revendications 
23 a 25, dans lequel I'etape d'observation de secu- 
rite d'une matrice reguliere de microlentilles sphe- 
riques (3) substantiellement identiques, consiste a 
poser un support transparent sur le support d'enre- 
gistrement et a former la matrice de microlentilles 
(3) sur le support transparent. 

27. Procede selon la revendication 26, dans lequel 
I'etape de formation comporte un procede de taille- 
douce. 



substantiellement le meme pas que la matrice de 
micro-images (2), chaque microlentille ayant un 
diametre substantiellement sur la plage allant de 50 
a 250 |im ; ainsi qu'un porte-document de securite 

5 pour placer un document de securite comportant un 
dispositif de securite conforme a I'une quelconque 
des revendications 1 a 7 ou I'une quelconque des 
revendications 12 a 16 lorsqu'elle depend de I'une 
quelconque des revendications 1 a 7, par rapport a 

10 la matrice de microlentilles defacon que le dispositif 
de securite puisse etre examine par I'intermediaire 
des microlentilles et de facon a generer une version 
agrandie, ou un certain nombre de versions agran- 
dies, de la micro-image dans la mesure ou la ma- 

15 trice de micro-images et la matrice de microlentilles 
sont alignees. 

31. Lecteur selon la revendication 30, dans lequel la 
matrice de microlentilles (3) et le porte-document 

20 de securite peuvent pivoter I'un par rapport a I'autre. 

32. Dispositif de securite selon I'une quelconque des 
revendications 1 a 16, comportant un substrat 
transparent sur une face duquel est prevue la ma- 

25 trice de microlentilles (3) et sur I'autre face duquel 
est prevue la matrice de micro-images (2). 

33. Dispositif selon la revendication 32, dans lequel le 
substrat est un plastique. 

30 



28. Document de securite portant un dispositif de secu- 
rite conformement a I'une quelconque des revendi- 
cations 1 a 16 ou Fabrique conformement a I'une 35 
quelconque des revendications 23 a 27. 



29. Procede d'authentification d'un dispositif de securi- 
te conforme a I'une quelconque des revendications 

1 a 7 ou a I'une quelconque des revendications 12 40 
a 1 6 lorsqu'elle depend de I'une quelconque des re- 
vendications 1 a 7, procede consistant a placer une 
matrice bidimensionnelle reguliere de microlentilles 
spheriques (3) substantiellement identiques ayant 
substantiellement le meme pas que la matrice de 45 
micro-images (2), chaque microlentille ayant un 
diametre substantiellement sur la plage allant de 50 
a 250 urn, pardessus le dispositif de securite et a 
observer le dispositif de securite par I'intermediaire 
de la matrice de microlentilles de facon a generer so 
une version agrandie, ou un certain nombre de ver- 
sions agrandies, de la micro-image dans la mesure 
ou la matrice de micro-images et la matrice de mi- 
crolentilles sont alignees. 

55 

30. Lecteur de dispositif de securite comportant une 
matrice bidimensionnelle reguliere de microlentilles 
spheriques (3) substantiellement identiques ayant 
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Fig. IE. 
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Fig A A. 

FigAB. 



Fig.3B. 
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